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A system and method of measuring the linear 
and nonlinear response of an unknown acoustic 
termination uses a small probe assembly 
containing a sound source and microphone to 
determine the reflection function of the unknown 
acoustic termination. The probe assembly is used 
with a calibration tube to calculate an electrical 
signal that will provide a desired acoustic 
stimulus signal to the acoustic termination. The 
calibration tube is also used to characterize the 
signal processing properties of the sound source 
and microphone, as well as other associated 
signal processing circuits such as amplifiers, 
filters, and the like. The calibrated system is 
subsequently coupled to the unknown acoustic 
termination to deliver the acoustic stimulus 
signal. The reflection function is indicative of the 
power transferred to the unknown acoustic 
termination. The measurement of the linear 
transfer characteristic is applicable to any 
unknown acoustic termination such as a musical 
instrument or the auditory system. The probe 
assembly is sized to be positioned directly within 
the outer portion of the ear and measure the 
linear characteristics of the ear. The system is 
further able to measure the nonlinear transfer 
characteristics of the ear by measuring the linear 
response at multiple levels of the acoustic 
stimulus. The system is particularly useful in 
testing the response of the middle ear and inner 
ear of humans or other animals. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** ^ows the word which can not be translated. 
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CLAIMS 



[Claim(s)] 

In System Which Uses it in Auditory Meatus, Middle Ear, and Lug that Has Internal Ear, and Measures Linearity 
Response of Said Middle Ear 1. This System Probe assembly which can be arranged to said auditory meatus The 
sound source which is in the interior of said probe assembly, and generates a sound stimulus to said auditory meatus 
according to an electric input signal, The acoustic-energy detector changed into the electrical signal which it is 
[ electrical signal ] in the interior of said probe assembly, and the acoustic-energy signal was detected [ electrical 
signal ], and had said detected acoustic-energy signal detected, The sound calibration waveguide with which it was 
the sound calibration waveguide which has known sound transfer characteristics, and this sound calibration 
waveguide has a predetermined dimension, it has the 1st and 2nd edges, said 1st edge was opened, and said 2nd edge 
was closed, It is the stimulus signal generator which is combined with said sound source and generates said electric 
input signal. Said stimulus generator When said probe assembly has been arranged at the 1st time of day at said sound 
calibration waveguide The result which has the persistence time as which the 1st electrical-and-electric-equipment 
input signal was generated, and said 1st electrical-and-electric-equipment input signal was chosen, Said sound stimuli 
are the sound field of the short persistence time, and it has the persistence time shorter than a travelling period 
required for said sound stimulus to advance at said closed edge of said sound calibration waveguide from said sound 
source. It reflects from said closed edge and the 1st electric input signal which has the persistence time chosen so that 
it might become return and the short sound field of the persistence time to said acoustic-energy detector is generated. 
Said stimulus generator The stimulus signal generator which generates the 2nd electrical-and-electric-equipment input 
signal when said probe assembly has been arranged at the 2nd time of day at said auditory meatus, The 1st detection 
electrical signal at said 1st time of day, from said acoustic-energy detector It is the signal processor which receives 
the 2nd detection electrical signal at said 2nd time of day from said acoustic-energy detector. This signal processor 
processes said 1st detection electrical signal, and determines said sound source and system-of-measurement transfer 
characteristics of said acoustic-energy detector. Said signal processor is a system characterized by having the signal 
processor which processes said 2nd detection electrical signal and determines the transfer characteristics of said 
middle ear based on said system-of-measurement transfer characteristics. 

In System Which Uses it in Auditory Meatus, Middle Ear, and Lug that Has Internal Ear, and Measures Nonlinear 
Response of Said Internal Ear 2. This System The probe assembly which can be arranged to said auditory meatus, and 
the sound source which is in the interior of said probe assembly, and generates a sound stimulus to the lateral part of 
said auditory meatus according to an electric input signal, The acoustic-energy detector changed into the electrical 
signal which it is [ electrical signal ] in the interior of said probe assembly, and the acoustic-energy signal was 
detected [ electrical signal ], and had said detected acoustic-energy signal detected is included. In the system of 
known [ transfer characteristics / said probe assembly, a sound source, and / of an acoustic-energy detector / sound ] 
this system The stimulus signal generator which is combined with said sound source, generates the 1st electrical-and- 
electric-equipment input signal which has the 1st stimulus level at the 1st time of day, and generates the 2nd 
electrical-and-electric-equipment input signal which has the 2nd stimulus level which is different from said 1st 
stimulus level at the 2nd time of day, It is the signal processor which receives the 2nd detection electrical signal for 
the 1st detection electrical signal at said 2nd time of day in said 1st time of day, and this signal processor is said 1st 
detection electrical signal 

It is the signal processor which processes, determines the 1st linearity transfer characteristics of said middle ear, and 
said 2nd detection electrical signal is processed, the 2nd linearity transfer characteristics of said middle ear are 
determined, and said signal processor processes further said 1st and 2nd linearity transfer characteristics, and opts for 
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the nonlinear response of said internal ear based on said 1st and 2nd linearity transfer characteristics. System 
characterized by having. 

3. It is the system characterized by equipping said 1st and 2nd linearity transfer characteristics with the reflection 
factor measurement in said 1st and 2nd time of day of each in a system according to claim 2. 

4. It is the system characterized by what it opts for by calculating the difference of Hazama of said reflection factor 
measurement [ in / on a system according to claim 3 and / in said nonlinear response / said 1st and 2nd time of day ]. 

5. Said signal processor is a system characterized by determining said 1st and 2nd linearity transfer characteristics of 
said middle ear as a function of said static pressure, including further the pump which combines with said probe 
assembly and controls the static pressure inside said auditory meatus in a system according to claim 2. 

6. System characterized by said signal processor opting for said nonlinear response as function of said static pressure, 
including further pump which combines with said probe assembly and controls static pressure inside said sound 
calibration waveguide in system according to claim 2. 

In System Which Uses it in Auditory Meatus, Middle Ear, and Lug that Has Internal Ear, and Measures Linearity 
Response of Said Middle Ear 7. This System Probe assembly which can be arranged to said auditory meatus The 
sound source which is in the interior of said probe assembly, and generates a sound stimulus to said auditory meatus 
according to an electric input signal, The acoustic-energy detector changed into the electrical signal which it is 
[ electrical signal ] in the interior of said probe assembly, and the acoustic-energy signal was detected [ electrical 
signal ], and had said detected acoustic-energy signal detected, The sound calibration waveguide with which it was 
the sound calibration waveguide which has known sound transfer characteristics, and this sound calibration 
waveguide has a predetermined dimension, it has the 1st and 2nd edges, said 1st edge was opened, and said 2nd edge 
was closed, It is the stimulus signal generator which is combined with said sound source and generates said electric 
input signal. Said stimulus generator 
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(21) 1 0 - 5 0 4 2 0 1 

„ fliLtftM£IBt&&<&£j£ (auditory brain-evoked potential response;^ 

,x>r>'3 ^ilil 5e (otoacoustic emission measurement : 0 A E ) t 

E 11 & J* A 5<0 u mi- *> If $R * it &f 4b # « m -o o £ # 0 A E H 
rtflSifcli^SoJfcffcfeB**^ OA Egitfi*I^&5i:2 

E£-i£$T&o 0 A E - A B R 4 £ilit>'ffrH£ (distortion product ; DP) il 
5e> m$Ktm%n&&m<.*udK<xy neural pathway)*- it 

ttUl^L^j:^:, ^MtvA-Mii, Mrt<0JBE^«S&U*^ 
< OAB4 fcttEOAEfrzllllSELT^** ffefegfliafllSM:* <PH& X Calf's 

»t**tfJafcl!rr41**fc«{KLfcv\, *&«<©ffla«£*tf %WM® 

tfMttC £ l ) 331 ANSI* iiiffl.tj i E 0 A E«ff4c J: «9 £M U^tfJtJ i 

5e«0 $ &Ug*W&«l*«rJ|i^& E 0 A ESB£ij^£S»*3fc&*fctt 

£ 5 fittt * (otorefl ectance) ^ ~f & 0 - a96ttt$ U KWfll % < ref 
lection coefficient)* LT@£&fgi£t\ i LT^MiTeftS 

*ffl^T£$t^%ft#T<&<> fK#M£|£# (conductive impairment)^ 

(cochlear impairment) cr)^<7) 2 M$J5e;Ws£&0> t\ S^Sli:^ 

httD://www4.ind1.ncini.eo.jn/ricontentdhen inHPN0000=? 1 #.N0400=im;me./oif#N04m =/MS APTTMP/w VI 4/9nnfi 
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(22) 1 0 - 5 0 4 2 0 1 

a-* 1 2liy^f A 1 0 ~e&%t<>MMfi-% 1 4*4*t4o ?y£*-c? 1 
2***-*') 1 5ti«*fifi:4*t4f^v*JI'flt/D"b'y|t- (digital sign 
al processor ; DSP) 16 *3-tHft3fefit61I'C**« 3W»M 1 4 ©SftKo 
wTtiS^ujSttufelT-cSftWr** HftfcMi 4 {if -<r Ji'-rtc^ 
|£ (digital to analog converter ;DAC)2 0t7tc 1 8 USE 1ft 3 *i 

• 7 i to 9 2 2 K X «) 7 -f A'^tio Dw** • 7 * )V 9 2 2 <r>l&ij* „ 8 
■/^fA 1 0«U KttlfctM-f 3 2*#ttiLT£<BfitJ&Lfc t#-f-f*& 

iifc^o -flillKlf 3 4 >} r-> > ^25* (aliasing effects) £|&£f &'f& 
ISd-.Ka • 7<f 6^7 <f ^ Sit, Ti-vr-r* v * 0 
v * JMS-SM 8 u&fc* ft** f v * -f 3 8 fiu 3 ^ tf a - * l 2 

v at A l 0 li^-f * d * > 3 0 Oftf|fc£fc£^T*«>»i&fc 

F?4/<2 4 tvOn*^3 0fi:i > *>f><)lll2UIEi*L^7'D- / . r-fc^ 

«i> * h *W 7* 5 7 * 7„ • fa T a • 4 > 7 T > V ' ifv - 7* • h*V << /* 

(Otodynamics dual-source infant probe driver)-e&<>o $|&^<f)?^£-cco 

httn://www4 inH1.ncini.eo in/ticontenfn'hen inH1?Nnfl00=?.1 ^.NOann^'maap/oif&Mndni =/MS APTTMP/™/ T/1 4/90nfi 
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(23) 1 0 - -5 0 4 2 0 1 

driver)^ 9 Kf^/<2 4 t^A 9 3 0 tt'h 

gc07 V • * cx- /5 2f4-»l»t4« 7 k4 -> 7*«/ • **-7*5 2 

lH8'tdl***/MRUffit^xf'A 1 0V>%^M Jt (signal-to-wise ratio 
:SNR) **7CUT*^*5>ffli*fl9K^ 0 L*U ->xfA10* { K^/<2 
4 , ^OO't^JO, 7^1^ 2 2, 2 6. 7l4y/i'fa-/52 Of- 
£ & 5& T & 0 > 7K->7')l-f^7'5 2 «0iE?6$:fc 
7 U*->7*H/ • ^-7*5 2 tf7"D-7* . 7*^7*'; 5 O^-CK^-f 
m*2 4 H-f ^ n^y 3 0 & A • t*d- 75 4 £ J: tf^-f ? d# > * 7"D 
-7*5 6^^^^T4b 0 7*0^7*- 7-fc>7*D 5 0 ht%\± [ J&fr$>WLhtX*<T>t 

fro 

j55if^ti:-/7fA l 0*KiEtT^*o v*r^ l 0 fi £ <r> X n $ «IE * 85 
iHKfT*>L*i|l*l4r«!jE^lll**«LTi/»*o »SR»«lff*Cli, v^fA 1 0 
li 5 ^ h <r> r - 9 £ J|£ £ L # -Uf L X i £ + 3 is J: 0* 5 oo# g U B "t * flMfc 

A E% DP, A B R St§ J: t ^^T^«lS^tIJEt* 

Tir^T*', 1 5 OS'SlLv^fA l O^ffl'/V^SSfrfrfco 
i t -Cja^arafe-C* * « W ' 2 4 fiSJ*«l*M<7>«-*(short-durat1on soun 
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(24) 1 0 - 5 0 4 2 0 1 

nescer.t)*- Kfc £ £ tftb >K f-fc***? • fa-/5 2 

-y-7ty/'»5 0 <7>tt A'^-ty K • KU£ li ¥H fcttSMI 

ott^tU^, >*rA i o<ojiiE^^ua, 

§ -> 7. r A -cttffl t & #$etf> K7-f^24t#ie^'f^D*>30i: ■& 
^7.^ Aig|t^.rm^J^flf-<7>4^^t S *!•■©<> v'Afi 1 0<D%7>? ASS 

#jRcofi-f«SgRCcorlditioners)ffl|^ijrJtf(gg (BvLT^ftH *7** 
(Auditory Brainstem Response ; a B R J: (f E 0 A E v x r U^<D&iL ->7> 
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(25) $$5^ 1 0 - 5 0 4 2 0 1 

<?*m*2im I fit 

1 calibration tube) 6 0 I £te|£IE#«W«K&o%>T:*r;* * A^lt L 
fc*»ft#*tt*!rt-*o «iEflP <7>ft2 ti: 2 5 - 3 5 0 -t^f^ ~ HV ( c m) » ? 
^»-^*o t Ufc£-t* £ i KAttfc £ Eitffi-f * 
t2jEff<*>£3tfM£t'fi£v\> ^^(calibration tube) 6 0 fi / • T«fc 
5 0*»A1-*Hlfe*6 2 *Hifei£6 2fc#l*IIT*Bifi6 4 Hif^ 

Jfcofi Cf^- K'7 .* - * (hard^lle^^R^^f^^l^fS^nf^i^, 7 I- 
4 -> 7*>V • >7 * - ;w (flexible walled)^ ±f,!fi3 -f ^tfe^Rtt^ t ttfflHTffi 

T-*«>o «jEfr 6 o tfea-A enfeoff, wigwf^ii, 

^gti tf co»ffl« 5 »oTl3«9, M'l^».(viscothermal effects)££$> 
M«tt*'=6f n ; ^^ui t) $tft t*§ *«t i **fc±*<&J: $ *«4fe«>e»#* 

O 
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(26) 1 0 - 5 0 4 2 0 1 

0 *r j 7"1 0 2X\ 8 * /d-/- T*yf*) 5 0 £$IEf 6 0<oH& 

D-/- T-fc^/', 1 5 OttJBiB**fc«ALT^J&^o L*U > AfA 1 0#* 
7"a - 7 ♦ 7-b f 7 ') 5 0 t m<oUBMMx. if 7 4 fc* 2 2 , 3 6 cofcii#'l£ 
t' tit^t &<D-C, Y^Cvent tube)^£3.(-£^ 0 xWv(EMft££^ 

it&W £ <7>® co )i it ^ III jfr^i-C £><&<> 
7.TV -f 1 0 4"C-ii, y7fi 1 0 ttDA C 2 0 (H 1 #BPJ ^it-^mm<r> 

*K-fl-f e * <^m«^^ ii^ffl-g.SES^ 2 4 frh D A C -ft-t ^<0.&c^ 

p s , & £ I? V v 4 >t 2 A 75 s g£-f * Bfr 3 © A ftHM -f (incident pressure si 
gnal) p t £ a£ i L T t & ft^-r&Jf T V X A t & <> # < <?>.fi£i.GOIs 

f V * >W fttt |3 i/i T ill SO <0 # it i y n P 7, j££ (fi m* te impul se response : 
FIR) $ fcttfcfiR-f ^(infinite impluse response ; i i R)#|jj 

<fe a> <5 , * k •=> ^ t t % 

1 0 &^k<T> T )V =f ») XA^I •/> T -f /< 2 4 U jjfgeo Aft f-JBE 



httr»7/www4 innl nr.ini an in/H/vrnfenHhAn m/11?Mnnnn=?1 &Wn4nn=;m3<Wmf*rMn4ni=AM<3 APTTA/fPA.r 



Page 1 of 1 



(2?) 1 0 - 5 0 4 2 0 1 

^f^y si? ») a - v a > (deconvolution)* ? ft* £ ^ u k v i ^t'SttM S 
v X r A ^i^t*« 

^ .7^11-77 ^(Park-WcClelland method) -cfgff- LfcF 
^1?^^^ * x £&gd K * t ^ J: 9 £#3*$ fl*** x. & *i * o f-JEJfcg p » 
iiesiidSe^y'v^rA 5 6<0-i' y.'OVXfcg. lic9ft*&A (convolution)^-, 

Ps=h*e s =h*d (15 

p s =d = h*ei (2) 

p s *e; =d*d (3) 

•T vl p , S *l T J3 *? d li&JJI £ 9 ( 3 ) tt El *W>#llf * W *. # 
^fgjjHS? (Singular Value Decomposition: S VD) „ ^s. (Conjugate G 
radient method ; CG\ )l - *y h *7 - ? j£> 7 - »J SfeftftHf 

ilUSfs^'^-ys^ (DECONV) e « Uov*T»< C t 

ei *DECONV (d*d, p s ) (4) 

D A C 2 0 K EPStlT * i ^K^f-iJf^f f e t »• ^WWWIR-f > * x &)f£ p < = 
d**#^ir*o _b l£<0 *i: ^ Cti me domain)-^?' u ytfV a- -> a 

AsWfl t j» -t £ fc.M &i K 5££ K ^i$*Uii *m if h ft « o -/atA 
1 0 fixf y y 1 0 ST-jfUfSSJ^fife^MS^^-TT-oo 
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(28) 1 0 - 5 0 4 2 0 1 

jLtf^'f *D*>«)4*tttyD-^« Tt^/'J 5 OttSaoJS8MHNi$'»ift'* 
^x;^t> f • ^- K©fitCMU2 O^c^Jl--; (kHz) 
jg&&*g@fc*S$jE«£fflfe#fT&x.*o *£K> v'XfAlOliWWf 

ill ft* /-> ^f^5 6 cDMJ&S**?' 7 + y $fifiJBE£ p 1 r / * > • <( > £ 
j* - * $ *i JtiiT , **n4>#g&jfi(accustic termination)^ />• x 
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(29) <%m&- 1 0 - 5 0 4 2 0 ! 

O-C^xEtT^^^T-D- / • T±V-f l ) 5 0 (EI2#M) *f-? 
/122 tHJifJiT'D- -f>T*y? »> 50 t 5 8 6 0 cof^M 

7f-;/l 2 4 v x f a 1 0 Jim^sH M-t e t ( M $k±WL& Kftft^&fe 
T-©} ££)£UI*i*DAC 2 OUfiA*, vXrA l o tfSejEJBE:OJE&&p c * 

-f 2 4 oO.St^itf Kffi#f * * $ K U RiEf 6 0 coBiflS 6 4^ fcOf-S 
$6 4»--^<?>^l<?>£lt^/n-r • 7ty/'J 5 SHc K?-f /<2 

fc**IO:j34:O s ff«fl , ?ttfllU 3M£3m<^# ("^linear effects)£M 
K T £ # <D m it "Ceo 3Efr 3D # i&m & (hydrod/namical nonl i neari ty 
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(30) 1 0 - 5 0 4 20 1 

fo%*H®^mx"<D%f£&®ii%^ 0 taw^i* e ozmt&e 4 4-cenftt 

6 0 ?>P*1$ 6 4 WttttiJ J: «fc «? IB* $ it* 

(viscothenraal process)?) ft f|H£P*1 C&ttco&ftMft r c c0^ef^-f & 

*>-f*) 5 0 iotW^iiWo R$©1Sf*^RI$«>gHt 

* IS 4 T * £ © 1 1 T /S 31 fl & <0 M K i: & ft t) ^ £ %L<r> 9 <b £ (fluctuatf on) 
* /t ? ^ - * -ftr * SUA ft £ L T #H L T *> Jsi W x -f 

-oi^T^^f^EltBI^^^^T^o 7sr^7'l 3 4t, y^fA 1 (Hi RISE 

httn://www4.indl.ncini go.in/ticontentdben ind1?N0000=?J #.N0400MmaPe/pif#N0401 =/MS APTTMP/w VI 4/9006 
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01) 0-5 04 20 1 

, 1 0 ttff3ft<0*f r A'KWMft*ffl^Tii5t-9-r->^f'A 5 6 (0 1# 

7i"-o<> 

p T - p = Z T u 

p = z u (6) 

7 n - (volume flew), zuya-/. T-tr^/ 1 ) **» a 2 it* & 

z =z c Iii4i (7) 

£ £T?*ttt<&4*14'i' ^t'-?*>A(n< = />c/St, ^(equilibriwn)^^ 

ISifSlTt^ ^ fr* ^* $ L <0R ISifcK JEW 6 0UyQ-/-7ty/') 

f ? D * y "C^tU £ M&tyt SLOW *t U <fc & <OX~ K y 4 > *sfr-&<0 %><DXM 
%K>\ f/x^ 'J/h 1 MU 0 £ t < 2 L/c J: S&Hrafcwr*) 
*SESt***-fcf n ooSS 1 <*>l$H E H5 * £ U ^ ~/7* $ >) ~? Y 2 \m% 2L/cSt 

hffn-//www4 inHI nrini on in/tirrmtentHhen i™il 9 NP0Qn=? 1 #Nfl40n=imggp/oif#MfUni =/MS APTTiyTP/w 4/700^ 
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(32) 



1 0 - 5 0 4 2 0 1 



(8) 



ph=r T *p C r2 =>' T * rC *P C > <10) 

J: oT^2 0B#^^PH«li^ui5}t-&^f .Efi (9) t (10) cojjqg^i: 

P2 =r °* P C I * & + rT ) (11) 

^y^m^x^ (ii) *up T wT«)f3 s /#ya-">3 > 
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(33) 1 0 - 5 0 4 2 0 1 

* ffi w-> ii-e, as* / ■> 7s r a 5 6 (Hi t# e&#i*e>#fMt«> 

# t etwft^»»«* f ^ffi* ^ttJfettt^jatt-c* * o 7 * ->• -7 / 

6 91, 1 4 8 4 -88, 1981 ^("Computer-Generated Pulse Signal Appl 
led for Sound Measurements' \ by Nobuharu Aoshima. Journal of the Acousti 
cal Society of America 69 1484-88, 1981)^16® £ it TV* ft ft "Cf^ + 
- /(chirp)^^-f ^ LTffl^T J3 *) > f- * - yWM65C#SL (time-s 
tretched)ffift|f|S^ 7.-C&& 0 ZM*mtoKto& Lfci)k1kttm*toK& 

* -> x -f A oo i <?) & ££ j| <5iJ ii ^x£#£)B'/>Attli^£ & tt-ft ra 

it u k v w * 2 4 <?> iaftiHf £n± s **i!rs6tt*«** o » otMsrfcft k $ 

Lit Vltttv//wwwA inHI tirini crn iWtir>rmh»r>t/lkAri irirll 9X10000=/ 1 ^rMMnn^mo^/^f JP,XTO/l Ol r^/KTC A T>TTA yft> /„ , 0/1/1 /^f\f\/Z 
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(34) 1 0 - 5 0 4 2 0 ! 

tlcio'^Ti-^o ^-I'K FIR, I ! R, i tzUm&ltz£ n KZ-crM<7>Wt. 
T'-fi £>li £ < al 1-pass) 7 4 * * * n*ffl o > * >v * ^i® ffl f * i 

JMCfl# 3 4 £ jgffl t « o ,l<7>s£ 7 ^ * * £ £ft£7 -f ^ ») , * ©SfttHi 

attMtiUjBEtt L tz A4tfl#* ~ TO i *>£ft^ii /< ;w-7.-fl-t 4 TOoo^-e 

Pl«t2 0 0 Ufc^T, v*r^ 1 OKI^MttUtfftl^iW^o *r ? 7" 

as- tat?-** ^f-;/2 0 4t"fi, -/at Afim^Atj-if-u^- tT^aa-? 

-f ^?*fSL^fl9C#Il.cIKAiig-|t^t-&, 7*2 0 6*Cli 
s ->7>r A l 0 tts#Wttfc#*l .fcWAtlfifi: Kv-f ^2 4 Uisx« (0 1 
&J»> 0 xf? 7*2 0 8 ->7r A^^^^tTirM-i-f t'fin^Lr^i: o 
^^T12^1-^ 0 Af-r/2 l o-Ctt, vat AiiJ8^ajft7^ JV^tfflv^T 
S&»fl#*7< LI$M»Kffiii6LfcJS#M-*£)fc't4,, at ^ 7*2 1 2 T 
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(35) $=ff*¥ 1 0 - 5 0 4 2 0 i 

* ^^Sl" •€> o v x r A ii a r 7 y 2 1 6 t^Mfttt K t JBEilJgofcS* »7 

yo-y • 7i^7*') 5 0 t J$a Lt^BElS^p «-S!tt*, *>Stf> 

ft^S<DAC 2 0 k ADC 4 0^>/)V • F^W^Wt, 

£ft<.<S tft#ttlS«>">^f'A«>l'=>ttA4tfi-ti:8t4tM«)5'li*lt*T^ 
<7>S K * v» f M *> ft £ ^W<D&ft t SB *B1 1 L ^ t i Ri£ 
•t y r > *"ett#£JB«>-c* $ t% TUB? h 0 
Zilt ttfoiQ K y is X f - A 1 0 it Dfe** y v' X r A 5 6 (HI Ml) ©4Wft* IS! 

y • r-t>y>; 5 oiii»4±*crwJi**»^i«it«a»^ftfHJ^**W 

httn-//www4 inHI nrini an Wtirrmtf>ntrlh(=n inH1?Nnfinn=9 1 ^MO^nn^mnop/aif^Mndni =/MQ APTTA/TPAy 1/' 4/OO.rv; 
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(35) ^ 1 0 - 5 0 4 2 0 ! 

P Z 
P T Z + Z r 

2 P * { S - r * r T } =p T * { 6 - r T } * { 6 + r } (13) 

f 3 y ^' 'J a - y 3 > tlt^f L fcM^ p 1 ^3 i: ^ r r $--Ka I , fa^'J 
y£ffl^T r lC'j3"^Tjt ( 1 3) ^(wii'tii, L 

->*ri* 1 0-Cflln*3&t£&n£fcli£ (8) I'S'^Tjt (1 3) 
p* {6^*r^=^*{8 + r} (14) 

(LfcUJ: to p T £r&*T&o sft (14) J: i um£&x.£>ft£ ': 

/> - - ' * + P\ +P * P + ^J} (15) 

BWiiit (i i) $'&oTz<d£, (15) #-fcr T wfcn?4>* Q 

s = r*Q (16) 

ifciiTMSBtto ii^icoJ: o (eft***,* : 
httD://www4.mdl.ncioi.eo.iD/ticontentdben.iDdl?N0000=21 &N0400=irnage/gif&N0401 =/MS APTTMP/w VI 4/7006 
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(37) 1 0 - 5 0 4 2 0 1 

3 ^ » - -> a y^ftieDJEtitMft r U WCS (16) < t 

♦ 

r = DEC0NV (q, s) (19) 
±iW®.Wl ti Ji r 7 * > 5* ®mv>&% X o* t iS* 1 ^ T ^4 # . i it 

a ^fr 1 ID tftfftffi T&/j#, *n$J*T?tl-**£fr ^ (8) 

(1 1 ) tWT 2 0W/'K , )a-'>3^ffl''>*J: l ? S*OJSffl K i3 '/»T 

7-Vx3s»t:MLT^ (1 6) -5$ (1 8) *>**]fc?-*fil 

r(f) = s(f)/q(f) (20) 
= r'(f)Pi(f){P(f)-pUf)J (2i > 

q(f) = ~s(f)+P(f)P2(f) (22) 

MM ( r = 2 L/c ) i£tt140l**!E*>LTV** o i £ r fr c =0^i 



A - <t-~ (24) 



(25) 
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(38) 



1 0 - 5 0 4 2 0! 



iv- - 
pc 



(26) 




(27) 



-?\ i)&Q%<r>f it*5.£( shear viscosity), K ii^co J*ft#^ (thermal cord 
activity), C»»i— fefiE#'C*>£&«9Jfc£k r »*Jfcl&0?Jt"C*So 
gfffl (cHscrete-tirae)^-s.«La^ffl^4b<?>-e, ilW^ Eftf^»&*<^it^:& 
9& JK * ^ ^ y -f iv E H 'Trii£xB#N M Jfco* * H J: >} (S-f * Kft i*M git 
MJkuaEft-rit&S* 1 *** DAC204ADC4 O^^/H-- • V- Mi 4 0 

Ujgj4U$i)5ES*U-><> tf(OgSLfijft«63fc:toe>*i<&» 1 . «£jEW6 o^<o7 ; 'D- 
KiEtf6 0^M*$<oS<k«el!!^«r fcA«*U«»*a«ror, 5t (2 
t*^*v^fA 1 O-eftffl-f^bo ^(O-t-r^r^fi^ (2 3) fcJS^TgtiT 
frvEttM&Zmfe-t&Zt&Tr&Z,* BISfcs^J:0 f <iii3^ (1 7) ( 1 8 
<7>b:-^ **"t* 0 *f JH6*«11^K^iEBSftl»-&, fi#qttjffS6^H2 L/c 

M*#s CD] attfflll'C&fto 

httn-//www4 innl nHni an in/tirnntenMhen inn1?N00n0=? 1 #N0400^mfl ? e/ ? if#N0401 =/MS APTTMP/w 1/1 4/?ft0fi 
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(39) 1 0 - 5 0 4 2 0 ! 

3. <7JPtf«Lt«ftHT n + DSmin + 2D- 1 J: $ *B#WIS 

J: IK -7* v x r A 5 6 <Oftl#1£ iScOXf -;7*1 3 8 ^ jEflfcU &5e 

* O § 'O o 

7>~7* v ~f \ S 6Tiiv*r^ 1 0 tfUUftM* * 1 «>JRM#Ko^Tfll£'9- 
*OlS«PIS»Sr -> x fA«t-&, vat A(^f-;/l 6 0 't'iM&Pgf 

71" 6, 

httr»7/www4 indl nrini an in/tirnntpntrlhpn inH1?Nnnnn=? 1 #Wn4nn^T™aaA/mf*rWftdni=/MS A^TTMTJAy y\An(\C\f 
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(40) ftm* 1 0 - 5 0 4 2 0 1 

SiK i«J8^3 * 3 > fc? a - * U £ l«>«*»jeffl«>« jlSrHW-r 

*« IS! 2 {if 7 Ot/o-'/ • T-fc>- /») 5 0«03&5 8 Kft-fr L > 
7*6 8^^lT^^o 7*6 8 Si&^liJieSv 7.r AT-JS^j«^^-C# 

* 5 J: ft 3co£r £ U£E ? it & o #»^«>5 lEEtr «B« lift 3¥ »« 5> *S *>i 
o xnM^t ff Eft t x * )V 4f- £ g&frT i it < # x. h ti X n h o -I 

SaHgSB^afefilt^M^^^^AIi, t>f *»JftAt<<Hstx>rt1on prod 
uct emission ; D P E ) <tofrrz £>"C't telttT a-xf-f ?^ • v a 

m & *> -e, nMi± ij iz i3 it •& M^iMt; c #.xu i'Stt^^o # < 

£&^^)^^Jj^(differentia1 measurements)^ ^o'v^T'^&o L^U £<9l£ 
fr.E t) t -I H U MSI" * »^JBE Jfc$iiMW«> Sfeft *©#ft«>/2 7" d - 

htt™7/www4 inHI nHni an in/tirnntentHhen mr11?N000n=? 1 #N0400=imaPe/fn'f#N0401 =/NS APTTMP/w,.. 3/1 4/2006 
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(41) 1 0 - 5 0 4 2 0 1 

4 ^^^VXliJf^CcMasi-impulsive stimulus)&5 -2 0 5 V fflftMM 
U o ^ T <0 * % frjfcSr * frSTf * o E 0 A E <*JS#»i: J3 ^ T J: «} fi 

^jfrSiSH (ip £ «e#K ) jMHftre* & o &^&b# (latency) £ ^ 

ft&o ijE0AEIi^l£^j9i*lfeW*iHS^&*^fe^jafi|«^»UillR 
£ ft & o E 0 A E * t> f <Mf ft P ^ n>*« SUE i « A t -eti It < £H bt * 
£fc fcJSUan?**, ILjetJftAo«^j£«Pt: 1 fc»ti|g|Ji»%-6Sfti^*JeC<Hs 
crepancy) £ j£ jg tTv^it^tjt^fti, 
f&M Mj»^-">x^Al0ttw*i^«5«iiKjSriaaT4 E j»* * ill 

13 J: O'JftS^K « t r ¥ 4 T" 5 v 9 > 7 - T <t> 7>) %® '/>T{# & it* f 

- * "C 0 . 5 5V ^SSO^JV X#ai*M«>«ffl K <fc •? , 1-205'; ®fe$L<r> 

, |^B c P^iS^C ,1 ' near wicldle ear transmission^ 3Mft$n3lS$g>ttft'3tt' 

7Hry/') 5 0 £)S < ffilT* £ t K X fcfcfr P#ra£>» 
-3<0AE*DPE»feJ: <5?6ti««)-C> fLiE^A^:?^-?* fct- 
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(42) 1 0 - 5 0 4 2 0 ! 

&fe£ff 4 </» , #5 U 4 fcflf a U is ii t # ?ll -6 2? <?> £ CF 

#ISH&t»SB*Srii5fe"|-4e£*tt#«>->^f Att, * ') ? (click-evoked) 
i fctt h->!£$|(tone-evoked)OAE, P?*fMfatt, IE?£& h - ^©>fe(sinu 
soidal-tone excitaiorO^ X I MffM x*£-fr 0 &:£ttiE&&ffi& 

Ip-§r#^ $ y -> 3 > ( sinusoidal-evoked otoacoustic emission ; S E 0 A E ) 

*k7s*gi±-r*>o MmtznMft-?'mmKm^i'^)i>\ «x.»8 o d b s p l 

frEtf) l^jveafc-f- /"/^fA 5 6 (HI #M> *iE&"t&f- -ft v - *9 :* 

httn //www4 inrjl nrini an in/tirnntentHhen inrf1?N000ft=?1 *-N04nn=im5»op/aif^-N0401 =/M<? APTTMP/w 
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(«) 1 0 - 5 0 4 2 0 i 

A Z = Zn - Zl (25) 

& * ** t o i'l s&R <o *«att** * * 4 *•& > »a«)^t*'' , Ti(»i' ^ 

§&com£#J5eK^o^T^£<7>-?\ E 0 A EiUfeJ: «9»4>co*a^«ffico$ 
i^^Mtia^^^iv^^tSo 4 ;'fcr-*:/*0#«$»aliJM i 
*m Jjw = fz-z-wz* Zr) (26) 

hffn-//www4 inHl nrini on in/rirnr>t<*ntHhpn inH1?N0nnn=? 1 #N040n:dni ? op/oiT#W0401 =/W<3 A PTTN/TPAw VI 4/0006 
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(*4) 4$*¥ 1 0 - 5 0 4 2 0 1 

H%f-M 2 (27) 

= _ 4_ (28) 
A x « = T 8 h~ x s l (29) 



6 0 £ & e tt!MIH&*¥rtfrU £ (9 Eft t fcx * 

* ^ g *) , $ §&<7>x * jw comitllfi (active source)<7?fi^ 

- t T ^* o ¥J9 7 D «- flw effects)<7>#£ t 

*Hft$ I HtiMM^ -> 7 • ->7fA<Oi * l J: «? * S 

jm* - g It $ <z> ft # * 0 i <7) ft # s n & x * * ^-n&^v^to^v&ktoft. 

r&t^/D-tx (active process^im^teiiEtfe-cafc^,, gmte£HliiJ£*tx*)V 
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(45) 0-5 04 20 1 

(dominant nonlinearity)tf \r?Jrt2 4 <*>#&$ES#"C& 
6 ffi 1/ '< )V i^ttHU**HH*UWC, SIR t £ ^ ^ * K » t T 11] 

•/> irn) itt v ^ >v^3>1^^£z15et& i t tfurAfe-e* * o 
i co u w*> i 4 * ft ft o 

18 (HI M) N •> - a -eft ^ >w-tt^^ A l"***** >f > * >) - 

^interleave)-?- & 0 {ft wowM#oOMIl<7>|S4 (occurences)^ i m<7>i§ 

It > ftp ^ >u & ft tiJj 5e * *U-> £ t U ^ * * *C i J* t fc#*#LTi/»*£ 
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(45) 1 0 - 5 0 4 2 0 ! 

fy/k- h©»u#r4i»*W¥J&fcJ: hW-#i-4b 0 ffi l-^<^t<?)f ft.^fifi 

* gC*MS-f *« Set 6 £ £ J: •) 4 « 0 m&fi#0 r > T'k— N ^tfiE Jfc2 £ * 
a s t&^f yyi- FBtf^o 7f -;/i8 4~eii, ->7.r a i o irtM 

x r A 1 0 it A l'^ n/HJ* frffl nT» fe-fr /v^fA5 6 (H 1 #M> £«IEt 
6 o * r 7 7" 1 8 6 TNi > "> X r A 1 0 tfffi; V '< ffl ^ "> * r 

o ttftftsm o s^afefl^* Z-xi&,u^)vtM v murk *tT& ¥ 

C*"t*o at 7^19 2 Ttt>' AT A 1 0 50 ? 7vT 7/186 -C&£ t 
9 v*rA 1 O^f 8 4 Ifcft l"<n^IE*ffl^Tft k 

£ ISJ tlU . 50 5fe*D<0 K*HBI» li 2 o co SI itt k '< ;K9£ * r* 3 ^ ifs jl 



(47) 1 0 - 5 0 4 2 0 

aMc (boosted)^ i, ^ n, s&jg © n n & & fi f * * ojij, fr* 3 
it^^75^lt^^^^W#4<O^^Rt< different1al measure)-?**, git 
*^<©«^af^ tt C H + r L ) / 2 I £!i r H £ frk Z t £ 

v * ^ -> a > C"° ise rejection)?)^ (- jj:, ^|f-(7>i9> ft £V>fst^oofc 

jjM Sli 3 a W»<o fcft* u <£ 4b gib ftjg * * i <o Utb it » W 7 
d - y^fcf t: U £ & n T * § $ j. ? - f&£ 1 '# 

<7>ftfc»K 2o (4^li-e*iJ3l±) ©WH I' ^^9?* ft* IT* i 

fACo '^T*2J t A f 3 * # ') - -> 3 > ft co f it »'^C<?)?S 

<r>fc&fre>Q'm'? fi*vfc*i»**W»£j& f -?3$:^o v*rA l o 



fXTfl A TITT* m/. 



(«5 1 0 - -5 0 4 2 0 1 

fcfcgi^JSIifcgt (2 OkH zlt) -Cff*^** lfc£ttffl*3t«l*i: 
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INTERNATIONAL SEARCH REPORT 



PCT/US 95/0S259 



[PC 6 A63B5/12 G01H15/00 



9. FfEiXS SEARCHED 



IPC S A61B GWH 



&*KSKpatunoo w*xp*d c#i<r mac ai&aum cteunirauaoA, » we «tait tfert iu;h cccuacnu *?t %tliA« a die- iitils readied 



jiUrtronsS Oltt. &jbc oa*n««r1 £fenr.; Cu mcrxufiacul StttltA <ft*.Tt CI itti O&tt iH^ wwm pmC*«al. jwen bujpj sued) 



U DOCOMbMS TO BE aELfcVA^T 



C**«or> * I Crttfwi of do«tai& *tt3»-*fta<aw». wi*r* a*pjopn»*. <x fr*««v** plants 



JOURNAL OF THE ACOUSTICAL SOCIETY OF 
AMERICA, 

vol. 91, no* 1, 1 January 1992 

pl&$ 470-4SS, XT O0024a407 

KEEFE D H £T Al * METHOD TO MEASURE 

ACOUSTIC IMPEDANCE AND REFLECTION 

COEFFICIEffT 1 

*** th* *hote document 

U$,A,4 289 143 (CAMAVESIO FRANCO ET AL) 15 
September 1931 



1-3,7, 
12, 

50,56 



1-7, 
10-14, 

17,39. 
43,50,5* 



se« the whole ctocura&fit 



t*<UttU7 £ 
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oMuncrx or Mnetf ir MJertsKc: Ok <icm«4 (Avnimk 

ckzxcI be aaAOCKd W I<tv0^ in inwranc xvqi t%flct> «Tt= 

<i3cimdMw wnwincd »w t»c or jibm ««r tttcfi <ixu- 
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G4G*t*uuinar.t DOCUMENT* COHSCDB&eO I*> BE 



\ RjtHvuru » cum No 



! JOURNAL OF THE ACOUSTICAL SOCIETY OF 
AMERICA, 

vol, 70, no. 4, October 1981 NEW YORK US, 
pases 1025-1035, 

W.H. fcAfitNOVITZ 'Measi/rencnx of the 
Acoustic input i pittance of the hw&eo 
hear' 

see the vhole docuraeat 

WQCEEDrKGS Of HELECON 85 MEDITERRANEAN 
ELECHTRQTECHNICAL CONFERENCE, 
vol . J.A, 8 - 10 October 1985 MADRI0 * ES, 
pages 25-28, 

V. SOSCLLMt BIAftGE ET AL, *E*peri mental 
sy$t€P for registering and processing the 
stimulated emissions from v+thirt the 
Auditory S/sten in the character* satiori of 
its Transmission Pattern. 1 
see the whole document 

JOURNAL OF THE ACOUSTICAL SflCIEir OF 
AMERICA 

vol. Sl[ no. 2. February 1967 HEW YORK 
US T 

pages 470-*84, 

K.N. STEVENS ET AL. 1 calibration of ear 
canals for audiometry at high frequencies* 
see the whole docu«*Rt 

IEEE EtKINEEftlK IN MEDICINE AND BIOLOGY 
MAGAZINE, 

vol. 13, a*. 2, April 1994 - rtay 1994 NEW 
YOftK US T 
pages 210-226, 

H<1- VtTHEHEAD ET AL. 'measurement cf 
otoacowHic emissions for hearing 
assessment' 

see ihe whole documt 
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